Physicochemical studies on flours milled from irradiated samples of Sakha 94 wheat indicated that, besides its protective role from insects and microorganisms, gamma irradiation also has important effects on various quality criteria of wheat flour. Experiments have been performed to study the effects of gamma irradiation on various aspects of wheat flour quality such as dough properties, and baking quality. It was reported in the previous study that falling number, wet gluten and dry gluten values of the flour decreased significantly as radiation levels increased. Apparently the detrimental effect of γ-irradiation was largely on the gluten protein. In this study water absorption and degree of weakening values increased with increasing radiation doses higher than 0.5kGy compared to control sample, while dough stability decreased. The results showed that the overall bread quality of wheat flour was greatly reduced at doses of radiation (1.5-3.5kGy). At 3.5KGy, the mixing requirement was reduced and loaf volume and crumb grain were impaired.
INTRODUCTION
Wheat is the world's most important food grain. In general, wheat is mainly consumed in bakery products manufactured from endosperm flour, which forms 83% of the kernel, and has unique technological properties for creating superior, consumer appealing product quality in terms of flavor and texture (Jacobs et al., 1998 , Liu et al., 2000 , Pereira et al., 2002 . In addition to high-energy content, wheat is also a good source of protein and contains considerably more protein on average than other cereals. The proteins of wheat are complex; they can be divided into two broad categories based on biological function to non-gluten proteins (albumins and globulins) and storage gluten proteins (gliadins and glutenins). The gliadins and glutenins are referred collectively as the gluten proteins, and are mainly located within the mealy endosperm of the grain (Lookhart and Bean, 2000) .
Many investigators studied the effect of different gamma ray on improvement of the quality levels in wheat such as extension of shelf-life of whole-wheat flour (Marathe et al., 2002) and increasing the activity of wheat grain endogenous amylases (Gralik and Warchalewski, 2006) . In addition to a number of studies which focused on the effect of gamma irradiation treatment on gluten protein (KÖksel et al., 1998) and gluten fraction (Nayeem et al., 1999) . Reports are conflicting on the baking qualities of wheat irradiation at low-dose levels, using lean straight-dough formulas increased loaf volume at dose levels below 200Krad (Milner, 1957 , Nicholas, 1957 ,Lee, 1959 , Lai et al., 1959 . However, other workers reported that using a rich formula, have no difference in the baking performance of wheat irradiated at those dose levels (Webb et al., 1961 , 1955 and Fifield et al. 1967 . Lai et al., (1959) found that loaf volume for wheat irradiated at low dose levels, increased when using a lean baking formula and decreased when using a rich formula. At doses above 500Krad, irrespective of baking formula used, loaf volume and baking quality deteriorated (Nicholas, 1957and Lai et. al., 1959 Rao et al., (1975) reported that, as the irradiation dose increased, height of amylogram peak and peak dough stability decreased.
The FAO/ WHO/ IAEA Joint Expert Committee on Food Irradiation have unconditionally cleared food irradiation up to 10KGy (KGy = 100Krad) as safe for human consumption (Diehl, 1995) .
Besides its protective role from insects and microorganisms, gamma irradiation also has important effects on various quality criteria of cereal grains. Experiments have been performed to study the effects of gamma irradiation on various aspects of wheat quality such as milling characteristics, dough properties, and baking quality (Lai et al 1959 , Lee 1959 , Fifield et al 1967 , Rao et al., 1975 , Paredes-Lopez and 1983 ,Covarrubias-Alvarez, 1984 , MacArthur and D'Appolonia and Ng et al., 1989 . It was reported that amylograph peak viscosity and falling number values of the flour decreased significantly as radiation levels increased (MacArthur and D'Appolonia 1983, Ng et al., 1989) . At 10 kGy, loaf volume and crumb grain were impaired. Paredes-Lopez and Covarrubias-Alvarez (1984) found that the overall bread quality of wheat was greatly reduced at medium doses of radiation (1-10kGy). At doses >5kGy, irrespective of the baking formula used, loaf volume and baking quality deteriorated (Lai et al 1959) . Irradiation of grain has also caused problems in noodle quality. Japanese noodles (udon) show increased cooking losses and inferior scores in sensory analysis when the bread wheat have been irradiated in the range of 0.2-1.0kGy (Shibata et al 1974 and Urbain 1986) .
A Joint Expert Committee on the Wholesomeness of Irradiated Food convened by FAO, IAEA, and WHO stated that irradiation of any food commodity up to 10kGy presents no toxicological hazard .
The aim of work the purpose of the present study was to determine the effect of irradiation on rheological and baking properties of wheat grain.
MATERIALS AND METHODS

Materials:
Wheat (Triticum aestivum L.) variety Sakha 94 was obtained from Wheat Research Department, Field Crops Research Institute, ARC. Giza. Egypt.
Gamma rays:
Dry grains of wheat were exposed to different gamma doses (0, 0.5, 1.5, 2.5 and 3.5 KGy). Irradiation treatment was carried out in Indian Co60 (NCRRT) gamma cell. The dose rate was 0.9 KGy/ hr at the time of experiment was carried out in the National Center for Radiation Research and Technology, Cairo, Egypt. Methods : Wheat samples milling: wheat samples were mill in a standard Brabender Duisburg laboratory mill, Type 279002, Germany, Break and reduction flours were collected and sieved into (flour 72% ext. rate, fine bran, coarse bran, brown shorts and white bran). Wheat flours (72% extraction rate) samples were used in technological studies.
Rheological properties: Farinograph test:
The farinograph (877563 Brabender farinograph Germany HZ 50) was used to study the hydration and mixing characteristics of the dough under investigation according to (A.A.C.C. 2012) .
Extensograph test:
Extensograph test was carried out according to the method described in the (A.A.C.C. 2012) using an Extensograph type: 4821384 (Brabender Extensograph Germany HZ 50).
Leavening ability of dough test:
The leavening ability of yeast in dough made from wheat flour (72% extraction rate), which obtained from mill of gamma irradiated wheat samples were determined by measuring the gas volume evolved from standard dough at 30°c for 2hr. as described by Oda and Tonomura ( 1993) . The composition of standard dough was; 10g flour, 5.5ml distilled water (containing 0.5 sugar +0.1 salt) and 0.1g instant active dry yeast (S. cerevisiae). The aforementioned ingredients were mixed quickly for min, then placed in a graduated measuring cylinder and kept at 30°c for 2hr.; dough volume was measured every 15min accord to Food Technology Institute, Agriculture Research Center, Giza, Egypt 2-Pan bread preparation:
The straight dough method for pan bread production was carried out according to the method described by (A.A.C.C. 2012).
Physical analysis of pan bread: -Weight:
The average weight (g) of pan bread was determined individually within one hour after baking.
-Volume:
The volume (cm 3 ) of produced pan bread was determined by rapeseed.
-Specific volume:
Specific volume was calculated according to the method of (AACC, 2012) using the following equation:
Specific volume = Volume (cm 3 ) / Weight (g) Sensory evaluation of pan bread:
The sensory evaluation of pan bread produced (control and different blends) was done as described by Kralmer and Twigg (1962) 
Statistical analysis :
All the abtained data were subjected to statistical analysis and compared according to the least significant difference (L.S.D.) as mentioned by (Snedecor and Cochroun,1989) .
RESULTS AND DISCUSSION
1-Effect of irradiation on the rheological properties of flour .
The rheological characteristics of dough are important, as they affect both the machinability of the dough and the quality of the product. The data in Table( 1) and Figures (1 and 2) shows the rheological properties obtained from farinograms and extensograms of dough made from flour (72% extraction rate), which obtained from mill wheat grains after applying different irradiation doses (0.0, 0.5, 1.5, 2.5 and 3.5kGy). Water absorption of wheat flour irradiated at 0.5kGy dose was not changed, with obtained value to that of control (56.5%). However, water absorption increased with increasing radiation doses higher than 0.5kGy. Rate of increase in water absorption values of irradiated samples ranged from 0.0 to 5.13% compared to control sample. This could be due to increase damaged starch with increasing irradiation dose, which is accompanied with production of higher levels of reducing sugars, a factor that would raise the water absorption (Azzeh and Amr, 2009) .
Dough stability exhibited a steady decrease with increased irradiation doses up of 0.5kGy. Sample irradiated at 0.5kGy gave the same stability value (5.5 min.) as the control sample, while other doses showed lower stability values (5.0, 4.5 and 4.0 for samples with irradiation doses 1.5, 2.5 and 3.5kGy, respectively.
Degree of weakening values of wheat flour irradiated with 0.5, 1.5, 2.5 and 3.5kGy doses were (110, 110, 120 and 150 BU (Brabender Units), respectively, which were higher than that of the control sample (100 BU). Flour absorption is an important factor in the production of all types of baked goods. The variation in water absorption level could be related to several factors. First and most important is the protein content, damaged starch and particle size were also involved in determining the water holding capacity of dough. Flour strength is usually associated with wheat or flour protein and encompasses both quantity and quality measurements (Pratt, 1978) . Irradiated wheat flour has lower maximum amylograph viscosity, and its mixing behavior indicates higher water absorption, longer development time, increased dough stability and greater dough consistency for doses up to 2kGy (Rao et al,. 1978) .
From the previous results in Table ( 1) and figure (1) of extensograms for dough made from flour (72% extraction rate), which obtained from mill wheat grains after applying different irradiation doses (0.0, 0.5, 1.5, 2.5 and 3.5kGy), it could be observed that resistance to extension, extensibility, proportional number (R/E) and energy for irradiated wheat flours were varied between 210 to 340 B.U.; 105 to 140mm, 1.5 to 3.24 and 48 to 60cm², respectively. From the same results it could be observed that resistance to extension, proportional number and energy for flour samples decreased as the irradiation doses increased. Wherever, these parameters were higher for the control wheat flour than for irradiated wheat flours. Extensibility values for flour samples increased as the irradiation doses increased. However, this parameter was higher for irradiated wheat flours than for control wheat flours. The resistance to extension measures the ability of gluten to retain gas and the extensibility measures the extent to which a properly developed gluten can be extended or sheeted. The observed variation in these parameters could be related to the differences in protein-quality criteria which is related to the gluten of the flour protein. Both protein quantity and quality are considered to its end-use Pratt (1978) and Walker and Hazelton (1996) . The reduction of viscosity in irradiated flour could be explained by free radicals created by gamma irradiation that are responsible for molecular changes such as uncoiling of starch chains and fragmentation by the breaking of hydrogen bonds in starch molecules (Sokhey and Hanna, 1993) . Protein content in the flour sample also influences flour gelatinization. Consequently, de-polymerization and/or disaggregation of some globular proteins of wheat flour, which occur under influence of gamma irradiation, participates in the total change in viscosity taking place during irradiation (Köksel, et al., 1998 and Ciesla, et al., 2000) . These changes may affect the physical and rheological properties of flour, thus decrease the viscosity. Leavening ability of yeast for dough made from flour (72% extraction rate) was determined every 15min of fermentation period and expressed as dough volume (cm³) as presented in Table ( 2) and illustrated in Figure (3) , from the obtained data it could be noticed that the production of gas (expressed as dough volume) Showed a gradual increase with the increasing of the fermentation period for all treatment. These results are in agreement with those obtained by Abou El-Azm (2005) and Yousif (2011) mentioned that the amount of gas production clearly increased with increase of fermentation times. Remarkably, the ability of yeast to produce CO 2 gas was enhanced for dough made from flour (72% extraction rate), which obtained from mill of gamma irradiated wheat grains. The increasing in the production of CO 2 gas may be due to the increasing the activity of wheat grain endogenous amylases by gamma irradiation (Gralik and Warchalewski, 2006) , In γirradiation, the rates of α-amylosis of starch was shown to increase degradation of starch with irradiation (Nene et al, 1975) . It could be explained by free radicals created in irradiated flour that are responsible for molecular changes such as uncoiling of starch chains and fragmentation by the breaking of hydrogen bonds in starch molecules (Sokhey and Hanna, 1993) . These results verified that irradiation treatments played an important role for improving the leavening ability of yeast. Amer et al.( 2007) reported that the improvement in properties of bread, baked from flour irradiated, could be explained on the basis of a simulation in gas production during dough fermentation due to increase in starch degradation products. 3-Effect of irradiation doses (0.5, 1.5, 2.5 and 3.5kGy) on the sensory characteristics of pan bread: Table (3 and 4 ) and Figures (4 and 5) show the sensory characteristics and physical properties of pan bread produced from flour (72% extraction rate), which obtained from mill of gamma irradiated wheat grains.
B A
The data in Table ( 3) shows the sensory evaluation of pan bread. The symmetry and taste of pan bread produced from all irradiated flour were not significantly different from the control sample. The crust appearance, crust color and odor of pan bread produced from irradiated flour with 0.5, 1.5 and 2.5kgy were not significantly different from the control sample, while the same properties were significantly different by irradiation treatment up to 3.5kGy.
There were no significant differences between control sample and pan bread produced from irradiated flour with 0.5 in all properties except crumb grain. The increment of wheat flour radiation treatment levels led to reduced sensory properties of pan bread, the change that caused sharply decrease in overall acceptability. The overall acceptability of the control sample pan bread was the highest (98.5), while overall acceptability values of irradiated wheat flour with 0.5, 1.5, 2.5 and 3.5kgy were gradually decreased as the radiation treatment levels increased. Bread quality seems satisfactory for all flour irradiated with doses. Good sensory properties still remain a key priority as a consumer choice criterion. Processing could have negative or positive effects on bioavailability of some nutrients, processing must, first, provide products that have suitable form and good sensory properties (Slavin, et al. 2000) . The potential impact of irradiation on starch/gluten separation, it would appear that the doses sufficient to treat insect infestation may not have significant effects on the gluten, but starch yield and properties may be affected. Bread quality seems satisfactory for flour irradiated with doses of up to 10kGy (Milner, 1961) . Physicochemical changes in both starch and gluten, however, bread, prepared from wheat samples irradiated above 7.5KGy, exhibited significantly lower values of acceptance (Amer et.al. 2007 ).
Table (3): Sensory characteristics of pan bread produced from flour
(72% extraction rate), which obtained from mill of gamma irradiated wheat grains.
Figure (4): Pan bread samples produced from flour (72% extraction rate), which obtained from mill of gamma irradiated wheat grains.
Table (4) shows the physical properties of pan bread made from irradiated wheat flour with 0.0, 0.5, 1.5, 2.5 and 3.5kgy. Control sample (0.0kgy) showed the highest values of specific volume (4.36), while pan bread made from irradiated wheat flour with 0.5,1.5,2.5 and 3.5 kgy the specific volume were ,4.33,3.99,3.38 and 2.86 respectively. Percentage of decrease in specific volume (%) of pan bread samples produced from 
Percentage of decrease in specific volume
irradiated wheat flour with 0.5, 1.5, 2.5 and 3.5kgy varied from 0.7 to 34.4% compared with specific volume of control sample. 5, 1.5, 2.5 and 3.5kGy ). (0.5, 1.5, 2.5 and 3.5KGy ) on the alkaline water retention capacity (AWRC %) of stored pan bread: Effects of gamma irradiation doses of wheat flour on alkaline water retention capacity (AWRC %) of stored pan at 25±2C are shown in Table ( 5) and Figure (6) . It could be noticed that Rate decrease(RD%)of control pan bread increased with increasing storage period. While gamma irradiation treatment decrease the RD% by increasing dose levels, so that the freshness increased to these levels and improved the staling rate comparing with control sample.
4-Effect of gamma irradiation doses
This improvement may be due to increased damaged starch with increasing irradiation dose, which is accompanied with production of higher levels of reducing sugars, a factor that would raise the water absorption (Azzeh and Amr, 2009 ) and increase bread shelf-life. 0.5, 1.5, 2.5 and 3.5KGy) 
Irradiation of doses
Effect of storage period on texture measurement (mechanical properties)of pan bread made from gamma irradiated wheat flour with different doses .
Firmness (hardness) of pan bread produced by using irradiated wheat flour with different doses of (0.5, 1.5, 2.5 and 3.5KGy) was determined at zero, 24, 48 and 72hrs and the obtained results are shown in Table ( The obtained results indicated that firmness, gumminess and chewiness degrees of all pan bread samples increased as storage period increased for all irradiation treatment levels, while cohesiveness, stringiness, adhesiveness and resilience degrees decreased mainly for most samples as storage time increased. According to apparatus texture analysis application overview in Food Technology Research institute by texture analysis in the Giza, Egypt.
The results also indicated that at zero time of storage, samples prepared using wheat flour irradiated with different levels of gamma rays showed lower degrees of firmness, gumminess and chewiness compared to control samples. However, using irradiation treatment showed low firmness degree after 24, 48, and 72hrs at all levels of gamma radiation. The same trend was also observed for gumminess and chewiness at levels of gamma radiation treatment. Control sample had the highest firmness degree compared to the other samples at 24, 48 and 72hrs. The same results also indicated that firmness degree of most samples decreased as the level of gamma radiation treatment increased. 
CONCLUSION
Beside this protective role, gamma irradiation also has important effects on various quality criteria of cereal grain flours such as rheological properties, dough properties and baking quality due to starch polymerization, protein degradation and the creation of small molecular products resulting in decreased viscosity or cross-linking that are taking place under influence of gamma irradiation. Therefore, the proper use of this technique can improve the quality and prolong the shelf-life of wheat flour products, since the functionality of an individual biopolymer in foods may be affected by its interaction with other food components. Increased irradiation dose levels resulted in increasing water absorption meaningfully, and dough stability was decreased. The overall acceptability of the pan bread samples produced from irradiated wheat flour were different from those produced from un-irradiated wheat flour (control). This study provides that 2.5-3.5kGy irradiation treatment is the maximum dose that can be applied to maintain desirable quality of wheat flour and pan bread product. 
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